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The proliferation of cancer strongly depends on flawless cell replication. DNA 
repair mechanisms are responsible for the cells to replicate without errors. We 
focused on studying apex2 and its function in the DNA repair pathway of 
mammalian cells. In BRCA-mutant tumors, apex2 has been identified as a potential 
synthetic lethal target. Studies in yeast showed that apn2 reduces the frequency of 
mutations and repairs damage caused by top1. We used CRISPR-Cas9 to knockout 
apex2 gene in HCT116 and U-2OS and tested genetic interaction between apex2, 
tdp1, ercc4 and apex1 using siRNA and drug sensitivity. Our results suggest that 
knockout of apex2 together with knockdown of tdp1 and ercc4 increased drug 
sensitivity.
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• Apex2 will behave behave similarly to apn2 and thus function best as an exonuclease.
• Knockout of apex2 together with knockdown of tdp1 and ercc4 will be more sensitive to 
genotoxic chemicals than wildtype cells.
Figure 4. SiRNA silencing of TDP-1
Protein levels of TDP1 siRNA 
transfection of diferent concentrations.




Cell Line: U-2OS - human osteosarcoma cells
Drug Sensitivity
Camptothecin (CPT): 5nM,10nM, 20nM for 24hr
Formaldehyde (F): 100μM, 200μM, 300μM for 3 hrs
H2O2 : 0.0375nM, 0.075nM, 0.15nM for 3 hrs
Conclusion
• Apex2 was sucessfully knocked out with CRISPR-Cas9. 
• siRNA was sucessful in protein knockdown.
• Apex2 knockout with tdp1 and/or ercc4 knockdown increased sensitivity to genotoxic chemicals 
as observed in yeast. 
• Drug sensitivity experiments need to be repeated at a higher concentration of H2O2 and better 
experimental conditions.
Future directions:
• Study apex2 in HEK-293 (kidney) and RPE-1 (eye). 
• Knockdown combination apex2+apex1. 
• Complimentation with wildtype apex2
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Figure 5. SiRNA silencing of Apex1.
(a) Protein levels of Apex1 in each siRNA 
treatment. (b) Histone level analysis.
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DNA repair mechanisms ensure that the genetic integrity of a cell is maintained when its DNA replicates. 
These mechanisms do so by preventing mutations that can lead to cell death or the development of certain 
diseases, such as cancer. 
Apex2?
Figure 1. DNA topoisomerase I (Top1) function
in DNA repair pathways 1.
In yeast, Apn2 has been identified to resolve 3‘
end blocks produced by top1 and reduce the
overall frequency of mutations present during DNA
repair 3 . Deletion of apn2 and tdp1 genes increases
drug sensitivity in yeast3.
Methods and Results






Plate and expand confirmed 
knockout lines in 90mm plates.
Isolate 
0.3 cells/well in 96 well plate (10x)
AXON 1 AXON 3 AXON 4
AXON 3AXON 1 AXON 2 AXON 4 AXON 3AXON 1 AXON 2 AXON 4
AXON 1
STOP
Uncleaved X Chromosome Cleaved X Chromosome
Sequencing




CGTTCAGACCCCCAGGCTTAGC check 5‘ 
agctgaggaacctgaggcacca check 3‘
Figure 3.  
(a) Electrophoresis test for presence of PCR product.
(b) HpyCH4III enzyme digestion of PCR product to
determine sucessful CRISPR-Cas9 apex2 knockout.
Wildtype is digested wheras knockout is undigested.
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Figure 7. Formaldehyde sensitivity of wildtype and apex2 mutant cells together with knockdown of tdp1, ercc4 and apex1.
Sensitivity of the mutant cells to genotoxic chemical formaldehyde decreased significantly with knockdown of tdp1, ercc4, tdp1+ercc4. 
The data suggests that these genes could be involved in DNA repair mechansims, ensuring cell survival.
Figure 6. H2O2 sensitivity of wildtype and apex2 mutant cells together with knockdown of tdp1, ercc4 and apex1.
Sensitivity of the mutant cells to the genotoxic chemical H2O2 increased with knockdown of ercc4 and tdp1+ercc4. Tdp1 and apex1 levels are 
fluctuating so the experiment should be repeated with higher concetraations of H2O2. The data suggests that these genes could be involved in DNA 


















































































































































































Cell Line: HCT-116 - human colon cancer cells
Figure 2. Function of exonuclease, endonuclease and phosphodiesterase.
Apex2 gene codes for ape2 protein which can function as an endonuclease,
exonuclease or phosphodiesterase. Studies in yeast have show that apn2,
apex2 equivalent, primarily functions at a 3‘ blocked end as an exonuclease
and phosphodiesterase 3.
Exonuclease
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